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Description 

BACKGROUND OF THE INVENTION: 

(1) Field of the invention 

The present invention relates to parallel driven 
PWM (Pulse Width Modulation)-type power inverting 
units and, particularly, to a circuit controlling an output 
current balance applicable to output current balancing 
of output currents derived from both or plural parallel 
driven PWM-type power inverting units so as to elimi- 
nate a deviation between output currents derived from 
both parallel driven power inverting units. 

(2) Description of the background art 

Semiconductor devices such as transistors, SCR, 
etc. are commonly used as switching elements of a main 
circuit of a single power inverter and/or converter. The 
inverter and converter generally constitute a power in- 
verting unit from alternating currents to direct currents. 
In order to provide a high capacity for the whole power 
inverting unit, a plurality of power inverting units are driv- 
en in parallel to one another (simultaneously). 

When the parallel drive for the power inverting units 
is carried out, output currents from the plural power in- 
verting units become often unbalanced to each other 
due to variations in switching element characteristics in- 
ternal of the respective power units and, in worst case, 
cross currents are generated between the respective 
units. 

The term cross current generally means a circula- 
tion current flowing through respective windings of both 
electric equipments due to a difference in an induced 
electromotive force between both electric equipments 
in a case where both electric equipments are driven in 
parallel. 

Main causes of generating such an output current 
unbalance as described above may be listed as follows: 
a difference in wiring impedance between both power 
inverting units ; a difference in on voltages of the respec- 
tive switching elements; a time difference of dead times 
added to prevent simultaneous on between upper and 
lower arms in the main circuits of the respective power 
inverting units; and a difference between storage times 
in the switching elements used in both power inverting 
units. 

Output current unbalancing problem due to the dif- 
ference in wiring impedance can be solved by rearrang- 
ing the wiring between each element of the respective 
power inverting units to reduce in errors of the wiring 
impedances. In addition, the unbalancing due to the dif- 
ference in dead times can be solved by digitalizing the 
whole circuitry in each power inverting unit. 

The output current unbalancing problem due to the 
differences in the on voltages of the switching elements 
and their storage times can slightly be suppressed by 



selections of the excellent performance switching ele- 
ments themselves. However, this method cannot cope 
with temperature variations between the individual 
switching elements. 

5 Fig. 1 shows partial output circuits of one-phase 
main circuit of previously proposed parallel driven in- 
verting units. 

Fig. 2 shows situations how variations occur in 
switching times of transistors used as switching ele- 

10 ments, particularly, how current errors due to the differ- 
ence in storage times of the switching elements are gen- 
erated in the case shown in Fig. 1 in which the output 
currents flow positively into an interphase reactor. 
Fig. 3 shows situations how variations occur in 

15 switching times of transistors used as switching ele- 
ments, particularly, how current errors due to the differ- 
ence in storage times of the switching elements are gen- 
erated in the case shown in Fig. 1 but in a case where 
the output currents l A and l B negatively flow out of the 

20 interphase reactor. 

In both of Figs. 2 and 3, on times and dead times 
are all the same for the described transistors shown in 
Fig. 1 and only the storage times T SUA , T SUB , T SXA , 
T sxA' and T"sxb are changed according to their external 

25 circumstances. 

These differences in storage times cause output 
voltages of V A and V B to produce an error voltage of V A 
-V B . In addition, the current unbalance between the out- 
put currents l A and l B is generated. 

30 As shown in Figs. 4 and 5, a current balance is 
achieved by a current feedback control method applied 
to the parallel driven power inverting units. 

That is to say, in Fig. 4, in order to drive two inverters 
1 and 2 in parallel, each of the two inverters having a 

35 current control system (ACR: Automatic Current Regu- 
lator) and a PWM inverting circuit (PWM), the same cur- 
rent command is issued to the respective current control 
amplifiers and the output current for each inverter 1, 2 
is feedback controlled to the current command. 

40 In the case of Fig. 5, an output of a deviation ampli- 
fier 4 which detects only an unbalanced component of 
the output currents is used to feedback control for an 
output of the current control amplifier (ACR) 3. 

In the former method of Fig. 4, since no current com- 

45 mand itself is present in an open loop control such as a 
V/F (voltage/frequency) drive type inverter, the output 
current balancing method cannot physically be realized 
any more. 

In the latter method of Fig. 5, since a balance control 
so circuit is inserted in a subsequent stage of each inverter, 
conventional various circuits can be applied thereto. 

Fig. 6 shows a previously proposed current balance 
control circuit having a specific circuit construction ap- 
plicable to the current balance circuit in the case of Fig. 
55 5. 

In Fig. 6, the previously proposed current balance 
control circuit includes a PWM control circuit having: a 
PWM command generator 5 which outputs an analog 
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signal (sinusoidal wave); a PWM carrier oscillator 6 
which outputs a triangular wave; and comparators 7, 8 
which compare both levels of the output signals from the 
PWM command generator 5 and PWM carrier oscillator 
6, respectively. $ 

Gate signals V A , V B of the PWM waveforms which 
serve as outputs of the comparators 7 and 8 are input 
to the main circuits 9, and 10 including dead time gen- 
erators and base drivers so as to provide PWM outputs 
PWM-A and PWM-Bforthe respective inverter main cir- 
cuits 9 t 10. 

The outputs of both main circuits of inverters 9, 10 
are supplied to an induction motor 12 which serves as 
a load via an interphase reactor 11 . 

To achieve the current balance, a difference in the 
output currents of the main circuits 9, 10 of the inverters 
9, 10 is detected by means of the deviation amplifier 4, 
the deviation causing the output of the PWM command 
generator 5 to be increased or to be decreased and the 
increase or decrease being in conformity to polarity of 
the deviation. 

Fig. 7 shows waveforms appearing on the current 
balance control circuit shown in Fig. 6. 

If a difference exists between analog command volt- 
ages V a , V 5 of the PWM waveform outputs V A , V B from 
the comparators 7, 8 with respect to the output voltage 
V from the PWM command generator 5, i.e., the unbal- 
ance of the positive currents is present, the output of the 
deviation amplifier 4 causes the analog voltage V b to the 
comparator 8 to be increased and causes the analog 
voltage V a to the comparator 7 to be decreased. Togeth- 
er with decreasing a plusewidth of the output PWM-A of 
the inverter main circuit 9 (hatched portion of Fig. 7), the 
pulsewidth of the output PWM-B of the inverter main cir- 
cuit 10 is increased as denoted by the hatch portion of 
Fig. 7. Consequently, the inverter output currents can 
be balanced. 

However, in the previously proposed current bal- 
ance method described above, the balance compensa- 
tion is carried out in an analog system. The previously 
proposed current balance method cannot be applied to 
digitalized inverters nor converters in which a microcom- 
puter is used in an essential part of control portion and 
self-contained PWM control ICs are used. 

For example, an addition and/or subtraction of a 
balance compensated signals to and/or from the PWM 
commands cannot be carried out due to the presence 
of analog circuits in such inverters as those using the 
PWM control digital ICs. In addition, if the balance com- 
pensated signals are input into the internal of a CPU 
(Central Processing Unit) of the microcomputer via an 
A/D (Analog/Digital) converter, wasteful times are con- 
sumed to convert the analog signal to the corresponding 
digital signal and for the CPU to calculate and process 
the digitally processed operations, Consequently, such 
a method as described above cannot be reduced into 
practice in terms of their inherent responsive character- 
istics. 



Moreover, a PWM control device is known from DE- 
A-3816444 which is addressed to satisfying the object 
of providing a compensation restrictor multiplex inverter 
which is operable with comparatively small interphase 
reactors or compensation restrictors so that the load 
current can be rapidly controlled with simple and cheap 
means. This object is satisfied by the provision of a com- 
mand generator for producing a potential phase com- 
mand common to both inverters and of a further com- 
mand generator for producing further potential phase 
commands for each individual inverter and of an ignition 
signal generator for producing ignition signals for the in- 
dividual inverters with the aid of the individual potential 
phase command values and a saw-tooth carrier signal. 

SUMMARY OF THE INVENTION: 

It is, therefore, an object of the present invention to 
provide a current balancing control circuit applicable to 
parallel driving digitalized PWM type power inverting 
units which can achieve more assured and easier cur- 
rent balancing for output currents of the parallel driven 
digitalized power converting units and which does not 
give influence on dead time compensation and output 
current control operations. 

The above-described object can be achieved by 
providing a current balance control circuit comprising 
parallel driven PWM-type power inverting units which 
are connected to each other to supply power to a load 
having the features set forth in claim 1. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

Fig. 1 is a circuit wiring diagram of output circuits of 
one-phase parallel driven inverters already described in 
the BACKGROUND OF THE INVENTION. 

Fig. 2 is waveform timing charts of output current 
unbalancing state generated due to different storage 
times in switching elements shown in Fig. 1 when the 
output currents positively flow as already described in 
the BACKGROUND OF THE INVENTION. 

Fig. 3 is waveform timing charts of output currents 
generated due to different storage times in switching el- 
ements shown in Fig. 1 when the output currents nega- 
tively flow already described in the BACKGROUND OF 
THE INVENTION. 

Fig. 4 is a circuit block diagram of a current balance 
control circuit previously proposed and described in the 
BACKGROUND OF THE INVENTION. 

Fig. 5 is a circuit block diagram of another previous- 
ly proposed current balancing circuit described in the 
BACKGROUND OF THE INVENTION. 

Fig. 6 is a specific circuit block diagram of the other 
previously proposed current balance control circuit 
shown in Fig. 5 and described in the BACKGROUND 
OF THE INVENTION. 

Fig. 7 is waveform timing charts of output currents 
and PWM command in the previously proposed current 
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balance control circuit shown in Fig. 6 for explaining cor- 
rections of the output currents PWM-A, PWM-B to bal- 
ance the output currents in the case shown in Fig. 6. 

Fig. 8 is a circuit block diagram of a first preferred 
embodiment of a current balance control circuit accord- 
ing to the present invention. 

Fig. 9 is waveform timing charts of output signals in 
the current balance control circuit shown in Fig. 8. 

Fig. 10 is a circuit block diagram of a second pre- 
ferred embodiment of a current balance control circuit 
according to the present invention. 

Figs. 11 (A), 11 (B), 11 (C),and 11 (D) are waveform 
charts of the output currents of the second preferred em- 
bodiment shown in Fig. 10. 

Fig. 12 is a circuit block diagram of a third preferred 
embodiment of a current balance control circuit accord- 
ing to the present invention. 

Figs. 1 3 (A) through 1 3 (D) are waveform charts of 
error currents flowing the current balance control circuit 
shown in Fig. 12. 

Fig. 14 is a circuit block diagram of a fourth pre- 
ferred embodiment of a current balance control circuit 
according to the present invention. 

Figs. 1 5 (A) and 1 5 (B) are waveform charts of error 
currents in the current balance control circuit shown in 
Fig. 14. 

Figs. 16(A), 16(B), and 16(C) are waveform charts 
for explaining operation in the circuit shown in Fig. 14. 

Fig. 17 is a circuit block diagram of a current bal- 
ance control circuit in a modification of the fourth pre- 
ferred embodiment shown in Fig. 14 according to the 
present invention. 

Fig. 18 is a circuit block diagram of a current bal- 
ancing circuit in a fifth preferred embodiment according 
to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS: 

Reference wilt hereinafter be made to the drawings 
in order to facilitate a better understanding of the present 
invention. 

Figs. 1 through 7 have already been explained in 
the BACKGROUND OF THE INVENTION. 

Fig. 8 shows a first preferred embodiment of a cur- 
rent balancing circuit according to the present invention. 

In Fig. 8, a PWM (Pulse Width Modulation) com- 
mand generator 13 calculates a period and width of a 
PWM pulse in response to a voltage command and fre- 
quency command derived from a controller (not shown) 
and generates a PWM waveformed pulse train signal. 

Pulse rising edge correctors 14, 15 delay rising 
times of the respective pulses of the PWM waveformed 
pulse train signal from the PWM command generator 1 3 
as appreciated from Fig. 8. 

Pulse falling edge correctors 16, 17 delay falling 
times of the respective pulses of the PWM waveformed 
pulse train signal from the PWM command generator 1 3 



as appreciated from Fig. 8. Thus, the currents fed to 
main circuits 9, 10 of the inverters are corrected. 

It is noted that correction signals denoted by T BA 
and T BB are supplied to the respective pulse rising edge 
s and falling edge correctors 14, 15, 16, and 17 for con- 
trolling the delay times of the respective rising edge and 
falling edge correctors 14, 15, 16, and 17. These cor- 
rection signals are derived according to a deviation 
magnitude and polarity of the output current in the in- 
fo verter main circuits 9, 10 as will be described below. 

A delay correction control circuit 18 includes: a de- 
viation detection circuit 19 which detects a deviation 
quantity of the output currents from both main circuits of 
the inverters 9, 1 0; a deviation control amplifier 20 which 
1 5 calculates a proportion (P)/integration (I) of the detected 
deviation detection signal from the deviation detection 
circuit 19 so as to output a delay control signal T B ; a 
positive polarity amplifier 21 which achieves a value pro- 
portional to the signal T B only when the delay control 
20 signal T B is in the positive polarity as the delay correc- 
tion control signal T B ; an inverting amplifier 22 which po- 
larity inverts the delay control signal T B ; and a positive 
polarity amplifier 23 which outputs a value proportional 
to the signal - T B only when the inverted output signal - 
25 t b is in a positive polarity as the delay correction signal 
t bb- 

As described above, the delay correction control cir- 
cuit 1 8 provides the delay control signal T BA or T BB cor- 
responding to deviation and polarity of output currents 

30 of the main circuits of the inverters 9, 1 0. When the out- 
put current of the main circuit of the inverter 9 indicates 
a higher value than that of the counterpart inverter 10, 
the signal T BA is used so that a rising delay is carried 
out by means of the pulse rising edge correction circuit 

35 14, the output current of the inverter main circuit 9 is 
descreased, and the output current of the inverter main 
circuit 10 is increased. Similarly, whenever the PWM 
waveformed pulse train signal falls, the falling edge de- 
lay is carried out by means of the falling edge correction 

40 circuit 1 7. Such a correction control as described above 
achieves the current balancing according to the de- 
crease in the output current from the main circuit 9 and 
according to the increase in the output current from the 
main circuit 9. 

45 On the contrary, when the output current of the main 
circuit 9 indicates a lower value than that of the main 
circuit 10, the delay correction signal is used so that the 
current balancing can be achieved by means of rising 
edge delay of the rising edge delay correction circuit 1 6. 

50 in the above-described method of controlling the 
current balance shown in Fig. 8, the rising edge delay 
(pulsewidth decrease) on one of the inverter main circuit 
is carried out and, simultaneously, the falling edge delay 
(pulsewidth increase) on the other inverter main circuit 

55 is carried out. Since switching on and off in both inverter 
main circuits cause the output voltages thereof indicate 
different polarities, the inverter output voltage is main- 
tained by retarding the output currents by T BA (T BB ) dur- 
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ing the switching on of the one inverter main circuit and 
by advancing the output currents by T BA (T BB ) during 
the switching off of the one inverter main circuit. 

At this time, since it is impossible to advance the 
PWM waveform due to a retroaction to the time, the s 
same action and effect can be achieved by the retarda- 
tion of the PWM waveformed pulse train signal fed to 
the other inverter main circuit in place of the advance to 
the PWM waveformed pulse train signal. 

In details, since in the previously proposed analog 
current balance circuit shown in Figs. 6 and 7, the cur- 
rent balanced correction can be feedback to a voltage 
command before the generation of the PWM wave- 
formed pulse train signal in the PWM generator, a phase 
of the PWM waveformed pulse train signal fed to one 
inverter unit can be retarded by a time and the phase 
thereof fed to the other inverter unit can be advanced 
by the same time. Consequently, the output voltage in 
which the phase advance and phase delay are synthe- 
sized indicates the same PWM (command) before the 
correction. 

On the other hand, the current balance control cir- 
cuit shown in Fig. 8, a timer circuitry is used to control 
the current balancing so that no phase advance function 
is provided in the current balance control circuit shown 
in Fig. 8. Therefore, although the advance to retardation 
should be corrected in the reverse polarity, only a delay 
component for one inverter main circuit is feedback. In 
the way described above, since the PWM waveformed 
pulse train signal is not delayed for one inverter main 
circuit but delayed for the other inverter main circuit , a 
phase deviation of the synthesized voltage is generated 
by 1/2 the delay time but the current unbalance can be 
suppressed. 

Figs. 9 (A) through 9 (D) show waveform timing 
charts of respective output signals from the essential cir- 
cuit blocks in the current balance control circuit shown 
in Fig. 8. 

As shown in Figs. 9 (B) and 9 .(C), hatched portions 
of denotes time regions corrected in the current bal- 
ancing method described in the first preferred embodi- 
ment. 

Fig. 10 shows a second preferred embodiment of 
the current balancing circuit according to the present in- 
vention. 

In the second preferred embodiment shown in Fig. 
10, the rising edge and falling edge of the synthesized 
voltage in response to the command of the PWM pulse 
train signal are always provided with fixed time delays 
so that the pulsewidth of the synthesized voltage itself 
does not receive an influence of the current balance de- 
lay. 

It is noted that a limiter 24 is installed at a subse- 
quent stage to the deviation control amplifier 20 as is 
different from Fig. 8 and adders 25, 26 are installed in 
place of the positive polarity amplifiers 21 , 23. 

As appreciated from the content of the block denot- 
ed by 24, the limiter 24 serves to provide a delay control 



signal T BL in which the delay control signal T B derived 
from the deviation control amplifier 20 is limited by both 
limit values of different polarities. One of the adders 25 
adds an offset signal T BO to the delay control signal T BL 
to provide the correction signal of T BO + T BL . 

On the other hand, the other adder 26 adds the off- 
set signal T BO to a minus delay control signal - T BL to 
provide T BO - T BL . 

In the second preferred embodiment, the offset sig- 
nal T BO is used to cause the PWM waveformed pulse 
train signal supplied to both inverter main circuits 9, 10 
to delay by the corresponding time duration of the offset 
signal T bo . If the current unbalance occurs, the offset 
signal is added to the control signal T BL so as to 
provide delay in the increase direction for the PWM 
pulse train signal to one inverter main circuit or to pro- 
vide delay in the decrease direction to the other main 
circuit for the PWM pulse train signal to the other main 
circuit. Thus, the equivalent action and effect as the 
phase delay and phase advance in the PWM wave- 
formed pulse train signal. At this time, since such a con- 
dition that the control signal T BL (T B ) is smaller in mag- 
nitude than the offset signal T BO is established, the con- 
trol signal T B is limited to ± T BO by means of the limiter 
24. 

It should be noticed that in the second preferred em- 
bodiment the delay time of the synthesized output volt- 
age for the PWM command becomes constant even at 
the time of rising edge of the PWM waveformed pulse 
train signal, at the time of falling edge thereof, and at a 
time when the control signal T B is varied. 

Consequently, although the PWM phase deviation 
occurs, the pulsewidth as commanded is obtained. This 
can prevent the current balance control from having an 
ill influence such as an error generating on a dead time 
compensation operation. 

In addition, for a PWM synchronization current sam- 
pling to carry out the output current control, the delay in 
the PWM waveformed signal can always be set to a con- 
stant value T bo . Therefore, this results in no ill influence 
on a current detection accuracy. 

In details, in the first preferred embodiment, the syn- 
thesized voltage waveform shown in Fig. 9 is delayed 
in time equivalent to a half time of the control signal T BA . 
This delay is varied according to a magnitude of the con- 
trol signal T BA and the retardation time of the output volt- 
age of the inverter is also varied according to the time 
duration of control signal T BA . 

This causes an error factor with respect to the dead 
time compensation operation. 

On the other hand, in the second preferred embod- 
iment, the equivalent delay in the synthesized voltage 
always coincides with the delay time in the offset voltage 
T BO and the rising and falling edges of the synthesized 
voltage are not varied in time according to the delay con- 
trol signal T BL as appreciated from Fig. 10 (D). 

Fig. 12 shows a third preferred embodiment of the 
current balance control circuit according to the present 
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invention. 

In the third preferred embodiment, the dead time 
compensation is carried out in the current balance con- 
trol circuit applicable to the parallel running inverters. It 
is noted that Fig. 12 shows only one phase parallel run- 
ning inverters. 

A dead time compensation circuit (DEAD T. C.) 27 
in Fig. 12 carries out a phase comparison between the 
PWM waveformed pulse train signal PWM and a voltage 
phase detection signal derived from a voltage detector 
28 to provide a dead time compensated PWM wave- 
formed pulse train signal therefrom. 

Dead time generators 29, 30 provide gate signals 
for the main circuits of the inverters 9, 10. Dead times 
to prevent short-circuiting of upper and lower arms of 
the main circuits 9, 10 of the inverters are added to the 
current balance compensated PWM signals PWM-A1 
and PWM-B1 from the pulse edge correctors 16, 17. 

The dead time compensation operation by means 
of the dead time compensation circuit 27 will be ex- 
plained below. 

Figs. 1 3 (A) through 1 3 (D) show a basic theory of 
operation of the dead time compensation. 

The dead time compensation circuit 27 functions 
as: measuring for each time phase delay time of the syn- 
thesized output ( the output voltage of the interphase 
reactor 11) of the output voltage from the inverter units 
9, 1 0 with respect to the PWM waveformed pulse train 
signal output from the dead time compensation circuit 
27 itself and measuring for each time a delay time signal 
component (T y or T x ) of each circuit 15, 17, 30, and 10; 
and holding the equivalent phase delay time of the out- 
put voltage of the interphase reactor 11 with respect to 
the PWM pulse derived from the PWM pulse generator 
13 using a result of measurements. 

In the latter function, the dead time compensation 
circuit 27 calculates a time of T DXH - J u when the main 
circuit switching elements are turned on and a time of 
T DTH - T x when the elements are turned off using the 
delay measured times T Uf T x from the output timing of 
the circuit 27 to the output timing of the interphase re- 
actor 11. 

The dead time compensation circuit 27 delays the 
PWM waveformed pulse train signal by T DTH - T u when 
they are turned on and by T DTH - T x when they are 
turned off. 

Consequently, if the delay time from the output tim- 
ing of the signal from the circuit 27 to the output timing 
of the reactor 11 is added, the output timing of the reac- 
tor 1 1 indicates a time of T DLY . 

It is noted that since the times Ty and T x are varied 
according to current quantity etc. and the times T u and 
T x are measured and corrected for each time of meas- 
urement, the output voltage phase of the reactor 11 can 
be delayed by the time T DLY . This prevents a distur- 
bance in waveform stability of the inverter output voltage 
due to the differences in switching speeds of the switch- 
ing elements in the inverter main circuits 9, 10. 



Although the times Tg, T x are measured for every 
time of measurement, a delay corresponding to an in- 
terval of one PWM waveformed pulse occurs in the dead 
time compensation. If during this interval of time the val- 
5 ues of the times J u and T x are changed, this change 
creates an error in the dead time compensation. 

However, in the third preferred embodiment, the de- 
lay time due to the current balance of the synthesized 
voltage can be set to a constant value. Therefore, in the 
10 parallel running inverters in which the dead time com- 
pensation is carried out, the current balance compen- 
sation is also carried out. Then, the delay in the PWM 
waveformed pulse train signal in which the dead time 
compensation is carried out with the current balance be- 
15 comes uniform to each phase so that no influence on a 
balance in a phase difference of each phase. 

Fig. 1 4 shows a fourth preferred embodiment of the 
current balance control circuit according to the present 
invention. 

20 The difference from the third preferred embodiment 
shown in Fig. 12 lies in that the deviation control ampli- 
fier 20A is separated into a proportional calculating 
block 31 and integration calculating block 32. The cal- 
culation of the integration calculating block 31 is carried 

25 out only at a constant time after a change time of the 
inverter output voltages (the time at which both output 
voltages of the inverters are changed). 

In Fig. 1 4, a switch 33 carried out an on and off con- 
trol to enable a calculation of an integration calculating 

30 block 32. The on and off control signal is generated from 
an integration calculation control circuit 34. The integra- 
tion calculation control circuit 34 receives the pulse sig- 
nals V A , V B of the inverter main circuits 9, 10 . Then, an 
AND gate circuit 35 thereof outputs an ON signal when 

35 both inverter main circuits 9, 10 are turned on. In addi- 
tion, another NAND gate circuit 36 thereof outputs an 
OFF signal when both of the inverter main circuits 9, 10 
are turned off. In response to the ON signal of the AND 
gate circuit 35, a first pulse signal having a constant du- 

40 ration is derived by means of a monostable multivibrator 
37. In response to the OFF signal of the NAND gate cir- 
cuit 36, a second pulse signal having the same constant 
duration is derived by means of another monostable 
multivibrator 38. These first and second pulse signals 

45 are supplied to an OR gate circuit 39. Then, the output 
pulse signal of the OR gate circuit 39 is supplied to the 
switch 33 which is preferably constituted by an analog 
switch as its ON drive signal. 

In the fourth preferred embodiment in Fig. 14, the 

50 deviation control amplifier 20A provides a retard control 
signal T B having a duration during which the integration 
calculation with respect to the current deviation is car- 
ried out from a time at which a change of the output volt- 
age of the inverters 9, 1 0 occurs (from on to off and from 

55 on to off) to a time at which the outputs of first and sec- 
ond pulse signals from both multivibrators (timers) 37, 
38 are ended. If this integration calculation duration is , 
e. g., set to correspond to about one period (carrier wave 
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period) of the PWM waveformed pulse train signal, rip- 
ples in the current unbalance due to abnormal values of 
integrated terms caused by a continuous integration can 
be suppressed since the current unbalance cannot be 
executed when a pulse defect occurs in the PWM wave- 
formed pulse train signal during a voltage saturation. 

The following is an explanation of the above-de- 
scribed ripple suppression. 

That is to say, the integration calculating block 32 
of the deviation control amplifier 20A is installed to elim- 
inate a steady deviation. Its integration time constant Tj 
is set with respect to a PWM carrier wave frequency f c 
and a maximum value f max of an inverter basic wave fre- 
quency as follows: 

(i/g«T.«(i/f max ) 

It is noted that a set value of the integration constant 
Tj is largely different between the case where, in a bal- 
ancing of the inverter output currents, their average cur- 
rents are equalized to each other and the case where, 
in the balancing of the inverter output currents, peak in- 
stantaneous values of the output currents are equalized 
to each other. 

Fig. 15 (A) shows the former case where their av- 
erage currents are equalized. 

As shown in Fig. 15 (A), each average value (area 
denoted by a hatch portion of Fig. 15 (A)) of an error 
current Al (I A - l B ) derived during the integration calcu- 
lation is made zero. 

On the other hand, Fig. 1 5 (8) shows the latter case 
where the instantaneous peak values are equalized. 

As shown in Fig. 1 5 (B), the instantaneous peak val- 
ues Al P> Al N of the error current Al are equalized to 
each other. 

As appreciated from both of Figs. 1 5 (A), 1 5 (B), the 
switching elements of the parallel running inverters 
need to be equally, spontaneously heat sinks when the 
average current values are equalized and they are dif- 
ficult to be operated by excessive currents in the respec- 
tive inverters. 

Hence, since, in order to equalize the thermal quan- 
tities, average values between the periods more than 
milliseconds become a major concern. Then, although 
the integration time constant Tj can be set to a large val- 
ue, current balance in a microsecond order is required 
to make the excessive current operation difficult to oc- 
cur Consequently, the integration constant T } must be 
small. 

Therefore, in order to take an assured current bal- 
ance, a gain of an integration feedback needs to be high. 
If the pulse defect occurs in the PWM waveformed pulse 
train signal (an integrator carried out an abnormal inte- 
gration), the excessive current operation is easy to oc- 
cur in the correction circuitry. 

Figs. 16 (A) through 16 (C) show output voltages of 
the inverter main circuits, error voltage Al, retard control 
signal T B , and pulse train signal (V v ) when the DC power 
supply voltage is reduced and current balanced state 



during 180Hz and 100 % load. 

As shown in Fig. 16 (C), an interval during which 
the pulse defect occurs appears in a U phase Ay of the 
pulse train PWM-A. 

5 This is a case where although the pulsewidth is ex- 
panded to compensate for the reduction of the DC pow- 
er supply voltage, too reduction in the DC power supply 
voltage causes continuous pulse duration to adjacent 
pulses so that no switching occurs. 

10 Such an occurrence of the pulse defect causes no 
correction to the error current Al during the duration in 
which the pulse defect occurs, thus the error generated 
immediately before the pulse defect occurrence being 
continued even during the pulse defect occurrence in- 

15 terval. 

If the integration calculating block 32 of the devia- 
tion Control amplifier 20A shown in Fig. 14 continues 
the integration operation during the pulse defect occur- 
rence interval, the deviation control amplifier output sig- 
20 nal T B becomes accordingly increased due to an accu- 
mulation of the errors. Then, an excessive quantity of 
the error current corrections is generated during the 
subsequent switching operation in the main circuits so 
that the integrated output cannot be returned to an orig- 
25 inally normal error range. 

As described above, if the integration time constant 
is set to a larger value in order to take the balance for 
the current average values, the large ripples in the error 
currents, in turn, becomes increased during the pulse 
30 defect occurrence interval and the peak current be- 
comes excessively large. 

To cope with the above-described problem, in the 
fourth preferred embodiment, the integration calculation 
is continued in the normal driving mode and the integra- 
ls tion calculation is halted when the pulse defect is gen- 
erated so that the average values are balanced and the 
magnitudes of ripples are reduced. 

The halt of the integration in response to the pulse 
defect occurrence is carried out by the turn off of the 
40 switch 33 when no voltage change in the output voltages 
V A , V B occurs during the constant duration of the output 
pulse signals of both monostable multivibrators (timers) 
37, 38 from the time at which the changes in detection 
voltages V A> V B are ended. If no pulse defect occurs, 
45 the switch 33 is continued to be tu rned on since the mon- 
ostable multivibrators (retriggerable type) are retrig- 
gerred by the subsequently inputting pulses during their 
output pulse durations and the integration calculation is 
continued. 

50 Fig. 18 is a modification of the fourth preferred em- 
bodiment in which the ON/OFF signal supplied to the 
integration calculation enable switch is prepared from a 
command value in the PWM waveformed pulse train sig- 
nal. 

55 Fig. 17 shows a fifth preferred embodiment of the 
current balance control circuit according to the present 
invention. 

The difference in the fifth preferred embodiment 
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from Fig. 14 lies in that circuit elements 40 through 48 
are installed to provide such a circuit operation that a 
current balance feedback is carried out through one of 
the falling edge correction or rising edge correction de- 
pending on its polarity of the output current. 

An adder 40 serves to add both detection currents 
l A , l B . A comparator 41 serves to determine a plus or 
minus of a result of addition by the adder 40 so as to 
derive the determined polarity of the output currents of 
both inverters. 

Two circuit switches 42 is switched in response to 
the output signal from the comparator so that the output 
signal T BL of the limiter 24 and zero level signal are 
switched to derive complementarily via the two circuits. 

In addition, one output of the switch 42 is added to 
the offset signal T B0 so as to serve as the correction 
signal T BO + T BL input to a retardation correction signal 
14. In addition, an inverting amplifier 44 is installed so 
that the addition of the adder 45 is carried out so as to 
serve as the correction signal T BO - T BL supplied to the 
correction circuit 15. The other output of the switch 42 
is passed through an inverting amplifier 46 so as to re- 
ceive the addition by an adder 47 to the offset signal 
T bo . The added result is supplied to the correction circuit 

16 as the correction signal T BO - T BL and The added 
result of the adder 48 is supplied to the correction circuit 

17 to provide the correction signal T BO + T BL . 

In the fifth preferred embodiment shown in Fig. 17, 
the switch 42 is switched according to the polarity of the 
output current of both inverters. During the positive po- 
larity of the output current, the switched state is shown 
in Fig. 17 so that the correction signal T BL appears only 
in the input terminals of the adders 47, 48 so that only 
falling edge of the PWM waveformed pulse train signal 
is corrected. 

On the contrary, during the negative polarity of the 
output current of both inverters, the switched state is a 
reversed state shown in Fig. 17 so that the correction 
signal T BL appears only at the input terminals of both 
adders 43, 45 so that only the rising edge of the PWM 
waveformed pulse train signal. 

These corrections permit unnecessary correction 
and reduction of a retardation of the correction with the 
ripple components of the current unbalance sup- 
pressed. 

This can be explained as follows. 

As shown in Figs. 2 and 3 described in the BACK- 
GROUND OF THE INVENTION, the cause of the cur- 
rent unbalance occurrence can be divided into two cas- 
es where the PWM waveformed pulse train signal rises 
and where the PWM waveformed pulse train signal falls 
depending on whether the inverter output current indi- 
cates a plus or minus polarity. 

This sources of causes are the difference of the 
storage times T SUA , T SUB of the transistors used in the 
upper arm of the inverter and the difference of the stor- 
age times T SXA , T SXB . Two independent error causes 
are present in the respective differences. 



On the other hand, to cope with the current unbal- 
ance occurrence, the current balance feedback control 
is carried out by means of the deviation control amplifier 
20A. However, in a case where the occurrence of the 
current unbalance is not present, the current balance 
control is carried out with the PWM waveformed pulse 
train signal retarded by the offset time T bo . This retar- 
dation may increase the current error. 

To cope with the above-described deficiency, the 
balance correction is carried out only during the switch- 
ing which may cause the current unbalance. Then, if the 
unbalance cause is not present, no correction is carried 
out. Consequently, an amplitude of the current unbal- 
ance can be reduced. 

As described above, in the fifth preferred embodi- 
ment, the balance correction is carried out individually 
at the time at which the switching state is in the on state 
and in the off state in the inverter main circuits. In addi- 
tion, the switch 42 is switched to selectively receive the 
correction signal T BL and zero level signal so that the 
correction is carried out at the time at which the switch- 
ing of the inverters is carried out which may cause the 
current unbalance. 

Although, in each preferred embodiment, the cur- 
rent balance control circuitry is applicable to the parallel 
running inverters, the present invention is applicable to 
parallel running power converting units such as convert- 
ers, particularly, the digitalized PWM controlled power 
converting units. 

As described hereinabove, since the PWM wave- 
formed pulse train signal is retardation corrected so that 
the feedback control is carried out to achieve the current 
balance with the output current increase in the one of 
the parallel running units and the output current de- 
crease in the other parallel running unit, the retard con- 
trol of the PWM waveformed pulse train signal permits 
the easy application to the digitalized power converting 
unit. 

In addition, since the average values of the retard 
times in the PWM waveformed pulse train signal be- 
comes constant to carry out the current balance in the 
present invention, the influence of the current balance 
control on the current control system or dead time com- 
pensation can be prevented. The current balance inde- 
pendent of the ACR control system can be achieved. 

Furthermore, in the present invention, the integra- 
tion calculation of the deviation control amplifier for the 
current feedback control is limited to the constant period 
of time from the time at wh ich the power converting units 
are changed so that the current balance control in which 
the abnormal unbalance during the pulse defect occur- 
rence interval can be achieved. 

It is noted that all embodiments shown in the related 
drawings are applicable to one phase main circuit of the 
parallel driven power inverting units and are, of course, 
applicable to tri-phase main circuits of the parallel driven 
power inverting units. 

In the present invention, the retard correction is car- 
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ried out only for the rising edge or falling edge of the 
PWM waveformed pulse train signal depending on the 
output current polarity ot both units, the ripple compo- 
nents of the current unbalance can hardly be reduced. 



Claims 

1. A current balance control circuit comprising parallel 
driven PWM-type power inverting units (9, 10) io 
which are connected to each other via an inter- 
phase reactor (11) to supply power to a load (11, 
12) characterised in that said current balance con- 
trol circuit comprises: 

15 

a) a PWM pulse generator (13) which gener- 
ates a PWM pulse train signal and outputs the 
PWM pulse train signal to each main circuit of 
the power inverting units, each main circuit 
thereof outputting a current to the load; 20 

b) a pair of series connected retard correction 
circuits (14, 15) interposed between the PWM 
pulse generator and each main circuit of the 
power inverting units, for independently retard- 25 
ing rising edges and falling edges of the PWM 
pulse supplied to a corresponding one of the 
main circuits by predetermined retardation 
times, respectively, in response to each retar- 
dation correction signal; and 30 

c) a retardation correction signal generator (18) 
which calculates a proportion and integration of 
a difference in magnitude between each output 
current from the main circuits of the power in- 3$ 
verting units and generates and outputs one of 

the retardation correction signals to one of the 
pair of retard correction circuits so that, when 
the PWM pulse train signal from the PWM pulse 
generator to be supplied to the main circuits of *o 
the power inverting units rises, a rising edge of 
the PWM pulse train signal supplied to one of 
the main circuits of the respective power invert- 
ing units which output the current having a val- 
ue larger than that of the other power inverting 4$ 
unit is retarded by the predetermined retarda- 
tion time with respect to the rising edge of the 
PWM pulse train signal to be supplied to the 
other main circuit of the other inverting unit 
which outputs the current which is smaller than so 
that of the one power inverting unit which out- 
puts the current having a value smaller than 
that of the one power inverting unit is, in turn, 
retarded by the predetermined retardation time 
with respect to the falling edge of the PWM 55 
pulse train signal to be supplied to the one main 
circuit of the one inverting unit which outputs 
the current which is larger than that of the other 



power inverting unit. 

2. A current balance control circuit as set forth in claim 

1, wherein said pair of retard correction circuits 
comprises two series-connected timers , first one of 
the timers, responsive to each rising edge of the 
PWM pulse train signal, operated to delay the timing 
of each rising edge of the PWM pulse train signal 
by the predetermined retardation time and a second 
timer, responsive to each falling edge of the PWM 
pulse train signal, operated to delay the timing of 
each falling edge by the predetermined retardation 
time. 

3. A current balance control circuit as set forth in claim 

2, wherein said retardation correction signal gener- 
ator outputs the retardation correction signal to both 
first timer connected to one main circuit of the one 
power inverting unit which outputs the current larger 
than that of the other power inverting unit and sec- 
ond timer connected to the other main circuit of the 
other power inverting unit which outputs the current 
smaller than that of the one power inverting unit. 

4. A current balance control circuit as set forth in claim 

3, wherein said retardation correction circuit in- 
cludes: a) a pair of current sensors for detecting a 
direction and magnitude of output currents l A , l B 
supplied to the interphase reactor; b) a deviation de- 
tector for detecting a deviation between the detect- 
ed output currents l A , l B and its polarity of the devi- 
ation and outputting a signal indicating the deviation 
and polarity; c) a deviation control amplifier which 
calculates the proportion and integration (PI) from 
the output signal from the deviation detector and de- 
rives a retardation control signal T B according to a 
result of proportion and integration calculations; d) 
a first positive polarity amplifier which derives a val- 
ue proportional to the retardation control signal T B 
only when the retardation control signal indicates a 
positive polarity and outputs the retardation correc- 
tion signal T BA to both first timer connected to the 
one main circuit and second timer connected to the 
other main circuit according to the value derived 
therefrom; e) an inverting amplifier which inverts the 
polarity of the retardation control signal T B ; and e) 
a second positive amplifier which derives a value 
proportional to the retardation control signal T B only 
when an output signal of the inverting amplifier 
which indicates a positive polarity of the retardation 
control signal T BB and outputs the retardation cor- 
rection signal T BB to both first timer connected to 
the other main circuit and second timer connected 
to the one main circuit. 

5. A current balance control circuit as set forth in claim 
3, wherein said retardation correction circuit in- 
cludes: a) a pair of current sensors for detecting a 
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direction and magnitude of output currents l A , l B 
supplied to the interphase reactor; b) a deviation de- 
tector for detecting a deviation between the detect- 
ed output currents l A , l B and its polarity of the devi- 
ation and outputting a signal indicating the deviation s 
and polarity; c) a deviation control amplifier which 
calculates the proportion and integration (PI) from 
the output signal from the deviation detector and de- 
rives a retardation control signal T B according to a 
result of proportion and integration calculations; d) io 
a limiter circuit for limiting the retardation control sig- 
nal between both upper and lower limit values and 
deriving a retardation control signal T BL ; e) an offset 
signal generator which provides an offset signal 
T BO having a constant duration; e) an inverting am- 15 
plifier which inverts the retardation control signal 
T BL ; f ) a first adder which adds the offset signal T B0 
to the retardation control signal T BL and outputs the 
added signal + T BL to both first timer connected 
to the one main circuit and second timer connected 20 
to the other main circuit; g) a second adder which 
adds the offset signal T BO to the inverted retardation 
control signal - T BL and outputs the added signal 
T BL - T BL to both first timer connected to the other 
main circuit and second timer connected to the one 25 
main circuit. 

6. A current balance control circuit as set forth in claim 

5, which further includes: a) a voltage phase detec- 
tor which detects a voltage phase difference be- 30 
tween an output voltage V A from the one main cir- 
cuit and an output voltage V B from the other main 
circuit and output the voltage phase difference sig- 
nal; b) a dead time compensation circuit which com- 
pares both PWM pulse train signal from the PWM 35 
pulse generator as a reference and the voltage 
phase difference signal V dc and outputs the dead 
time compensated PWM pulse train signal to both 
first timers; c) a first dead time compensation circuit 
interposed between said second timer and the one *o 
main circuit for providing a first gate signal in which 

a dead time is added to prevent a short-circuiting 
between upper and lower arms of the one main cir- 
cuit for the current balance compensated PWM 
pulse train signal PWM-A1 passed through said *s 
second timer; d) a second dead time compensation 
circuit interposed between said second timer and 
the other main circuit for providing a second gate 
signal in which a dead time is added to prevent a 
short-circuiting between upper and lower arms of so 
the other main circuit for the current balance com- 
pensated PWM pulse train signal PWM-B1 passed 
through said second timer. 

7. A current balance control circuit as set forth in claim ss 

6, wherein said deviation control amplifier includes: 
a) a switch which is closed in response to a drive 
signal; b) an proportional amplifier which calculates 



a proportion of the detected deviation signal from 
the deviation detector; c) an integrator which inte- 
grates the output proportion signal from the propor- 
tional amplifier with respect to a predetermined time 
T| via the switch; and an adder which adds the in- 
tegrated signal to the proportional signal to derive 
the retardation control signal T B and which further 
includes a drive signal generator which receives the 
output voltage V A> V B of the respective main circuits 
and outputs the drive signal depending on whether 
either of the output voltages V A , V B rises. 

A current balance control circuit as set forth in claim 
7, wherein said drive signal generator comprises: 
an AND gate circuit which takes a logical AND be- 
tween the output voltages V A> V B of both main cir- 
cuits and outputs the ANDed signal; a NAND gate 
circuit which receives both output voltages V A , V B 
of both main circuits and outputs a NAND signal 
which indicates that neither voltages is present ; 
first monostable multivibrator which in response to 
the AND signal outputs the drive signal having a 
predetermined duration; a second monostable mul- 
tivibrator which in response to the NAND signal out- 
puts the drive signal having the same predeter- 
mined duration; and an OR gate circuit which out- 
puts the drive signals from both monostable multi- 
vibrators to said switch as the drive signal. 

A current balance control circuit as set forth in claim 

7, wherein said drive signal generator comprises: a 
first monostable multivibrator which in response to 
the dead time compensated PWM pulse train signal 
outputs the drive signal having a predetermined du- 
ration; an inverter which in response to the dead 
time compensated PWM pulse train signal inverts 
the dead time compensated PWM pulse train sig- 
nal; a second monostable multivibrator which in re- 
sponse to the inverted dead time compensated 
PWM pulse train signal outputs the drive signal hav- 
ing the same predetermined duration; and an OR 
gate circuit which takes a logical OR of both drive 
signals and output the drive signals as the drive sig- 
nal to said switch. 

A current balance control circuit as set forth in claim 

8, which further includes: a first adder which adds 
the one output current l A to the other output current 
l B ; a first comparator which compares the added 
output current value with a zero level to determine 
a polarity of both output currents; two-circuit coop- 
erating switches in response to an output signal of 
the comparator which switches to zero level for one 
of the cooperating switches and switches to the out- 
put of the limiter for the other switch in response to 
the output signal of the first comparator indicating 
either of the polarities of the output currents; a sec- 
ond adder which adds the output signal from one of 
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the cooperating switches to the offset signal T BO 
and outputs the added signal T BO + T 8L to said first 
timer connected to said first gate signal generator; 
a first inverter which inverts the output signal of the 
one cooperating switch; a third adder which adds 5 
the inverted output signal from the first inverter to 
the offset signal and outputs the added signal T BO 
- Tql to said first timer connected to said second 
gate signal generator; a second inverter which in- 
verts the output signal of the other cooperating 10 
switch; a fourth adder which adds the inverted sig- 
nal of the other cooperating switch to the offset sig- 
nal and outputs the added signal T BO - T BL to said 
second timer connected to said first gate signal gen- 
erator; a fifth adder which adds the output signal of is 
the other cooperating switch to the offset signal and 
outputs the added signal T BO + T BL to said second 
timer connected to said second gate signal gener- 
ator. 

20 

Patentanspruche 

1 . Ein Stromausgleichregelschaltkreis mit parallel an- 
gesteuerten Leistungswechselrichtereinheiten (9, 
10) des PWM-Typus, welche miteinander uber ei- 
nen Interphasenreaktor (11) verbunden sind, urn 2. 
Leistung an eine Last (11, 12) zu liefern, 
dadurch gekennzeichnet, 

daB der Stromausgleichregelschaltkreis aufweist: 30 

a) einen PWM-Pulsgenerator (13), welcher ein 
PWM-Puiszugsignal erzeugt und das PWM- 
Pulszugsignal an jeden Hauptschaltkreis der 
Leistungswechselrichtereinheiten ausgibt, wo- 35 
bei jeder Hauptschaltkreis davon einen Strom 

an die Last ausgibt; 

b) ein Paar von reihengeschalteten Verzoge- 
rungskorrekturschaltkreisen (14, 15), die zwi- 40 3. 
schen den PWM-Pulsgenerator und jeden 
Hauptschaltkreis der Leistungswechselrichter- 
einheiten zwischengesetzt sind, um unabhan- 

gig Anstiegsflanken und Abfallflanken des 
PWM-Pulses zu verzogern, der an einen ent- 45 
sprechenden der Hauptschaltkreise geliefert 
wird, und zwar um vorbestimmte Verzoge- 
rungszeiten respektive im Ansprechen auf je- 
des Verzogerungskorrektursignal; und 

so 

c) einen Verzogerungskorrektursignalge- 
nerator (18), welcher eine Proportion und Inte- 
gration einer Differenz der GroBe zwischen je- 4. 
dem Ausgangsstrom aus den Hauptschaltkrei- 

sen der Leistungswechselrichtereinheiten be- 55 
rechnet und eines der Verzogerungskorrektur- 
signale erzeugt und an einen des Paares von 
Verzogerungskorrekturschaltkreisen ausgibt, 



so daB, wenn das PWM-Pulszugsignal aus 
dem PWM-Pulsgenerator, das an die Haupt- 
schaltkreise der Leistungswechselrichterein- 
heiten geliefert werden soil, ansteigt, eine An- 
stiegsflanke des PWM-Pulszugsignals, das an 
einen der Hauptschaltkreise der respektiven 
Leistungswechselrichtereinheiten angelegt 
wird, welche den Strom mit einem Wert groBer 
als jenen der anderen Leistungswechselrich- 
tereinheit ausgeben, um die vorbestimmte Ver- 
zogerungszeit mit Bezug auf die Anstiegsflan- 
ke des PWM-Pulszugsignals verzogert ist, das 
an den anderen Hauptschaltkreis der anderen 
Wechselrichtereinheit geliefert werden soil, 
welche den Strom ausgibt, welcher kleiner als 
jener der einen Leistungswechselrichtereinheit 
ist, welche den Strom mit einem Wert kleiner 
als jenen der einen Leistungswechselrichter- 
einheit ausgibt, wiederum um die vorbestimmte 
Verzogerungszeit mit Bezug auf die Abfallflan- 
ke des PWM-Pulszugsignals verzogert ist, das 
an den einen Hauptschaltkreis der einen Wech - 
selrichtereinheit zu liefern ist, welche den 
Strom ausgibt, welcher groBer als jener der an- 
deren Leistungswechselrichtereinheit ist. 

Ein Stromausgleichsregelschaltkreis nach An- 
spruch 1 , worin das Paar von Verzogerungskorrek- 
turschaltkreisen zwei reihengeschaltete Zeitgeber 
umfaBt, wobei der erste der Zeitgeber, der auf jede 
Anstiegsflanke des PWM-Pulszugsignals an- 
spricht, wirkt, um die Zeitbestimmung von jeder An- 
stiegsflanke des PWM-Pulszugsignals um die vor- 
bestimmte Verzogerungszeit zu verzogern, und ein 
zweiter Zeitgeber, der auf jede Abfallflanke des 
PWM-Pulszugsignals anspricht, wirkt, um die Zeit- 
bestimmung von jeder Abfallflanke um die vorbe- 
stimmte Verzogerungszeit zu verzogern. 

Ein Stromausgleichsregelschaltkreis nach An- 
spruch 2, worin der Verzogerungskorrektursignal- 
generator das Verzogerungskorrektursignal an so- 
wohl den ersten Zeitgeber, der mit einem Haupt- 
schaltkreis der einen Leistungswechselrichterein- 
heit verbunden ist, welche den Strom ausgibt, der 
groBer als jener der anderen Leistungswechselrich- 
tereinheit ist, als auch den zweiten Zeitgeber aus- 
gibt, der mit dem anderen Hauptschaltkreis der an- 
deren Leistungswechselrichtereinheit verbunden 
ist, welche den Strom kleiner als jenen der einen 
Leistungswechselrichtereinheit ausgibt. 

Ein Stromausgleichsregelschaltkreis nach An- 
spruch 3, worin der Verzogerungskorrekturschalt- 
kreis umfaBt: a) ein Paar von Stromsensoren zum 
Detektieren einer Richtung und GroBe von Aus- 
gangsstromen l A , l B , die an den Interphasenreaktor 
geliefert sind; b) einen Abweichungsdetektor zum 
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Detektieren einer Abweichung zwischen den detek- 
tierten Ausgangsstromen l A , l B und seiner Polaritat 
der Abweichung und Ausgeben eines Signals, das 
die Abweichung und Polaritat andeutet; c) einen 
Abweichungsregelverstarker, welcher die Proporti- s 
on und Integration (PI) aus dem Ausgangssignal 
aus dem Abweichungsdetektor berechnet und ein 
Verzogerungsregelsignal T B gemaB einem Resul- 
tat der Proportional- und Jntegraiberechnungen 
herleitet; d) einen ersten Positiv-Polaritat-Verstar- 10 
ker, welcher einen Wert proportional zu dem Verzo- 
gerungsregelsignal T B nur herleitet, wenn das Ver- 
zogerungsregelsignal eine positive Polaritat andeu- 
tet und das Verzogerungskorrektursignal T BA an so- 
wohl den ersten Zeitgeber, der mit dem einen is 
Hauptschaltkreis verbunden ist, als auch den zwei- 
ten Zeitgeber, der mit dem anderen Hauptschalt- 
kreis verbunden ist, gemaB dem daraus hergeleite- 
ten Wert ausgibt; e) einen invertierenden Verstar- 
ker, welcher die Polaritat des Verzogerungsregelsi- 20 
gnals T B invertiert; und e) einen zweiten positiven 
Verstarker, welcher einen Wert proportional zu dem 
Verzogerungsregelsignal T B nur herleitet, wenn ein 
Ausgangssignal des invertierenden Verstarkers, 
welches eine positive Polaritat des Verzogerungs- 25 
regelsignals T BB andeutet, und das Verzogerungs- 
korrektursignal T BB an sowohl den ersten Zeitge- 
ber, der mit dem anderen Hauptschaltkreis verbun- 
den ist, als auch den zweiten Zeitgeber, der mit dem 
einen Hauptschaltkreis verbunden ist, ausgibt. 30 

5. Ein Stromausgleichsregelschaltkreis nach An- 
spruch 3, worin der Verzogerungskorrekturschalt- 
kreis umfaBt: a) ein Paar von Stromsensoren zum 
Detektieren einer Richtung und Gr63e von Aus- 35 
gangsstromen l A , l B , die an den Interphasenreaktor 
geliefert sind; b) einen Abweichungsdetektor zum 
Detektieren einer Abweichung zwischen den detek- 
tierten Ausgangsstromen l A , l B und ihrer Polaritat 
der Abweichung und Ausgeben eines Signals, das 40 
die Abweichung und Polaritat andeutet; c) einen 
Abweichungsregelverstarker, welcher das Propor- 
tional und Integrale (PI) aus dem Ausgangssignal 
aus dem Abweichungsdetektor berechnet und ein 
Verzogerungsregelsignal T B gemaB einem Resul- 45 
tat der Proportional- und Integralrechnungen herlei- 
tet; d) einen Begrenzerschaltkreis zum Begrenzen 
des Verzogerungsregelsignals zwischen sowohl 
oberen als auch unteren Grenzwerten und Herlei- 
ten eines Verzogerungsregelsignals T BL ; e) einen 50 
Versatzsignalgenerator, welcher ein Versatzsignal 
T BO mit einer konstanten Dauer vorsteht; e) einen 
invertierenden Verstarker, welcher das Verzoge- 
rungsregelsignal T BL invertiert; f) einen ersten Ad- 
dierer, welcher das Versatzsignal T BO zu dem Ver- 55 
zogerungsregelsignal T BL addiert und das addierte 
Signal T BO + T BL an sowohl den ersten Zeitgeber, 
der mit dem einen Hauptschaltkreis verbunden ist, 



als auch den zweiten Zeitgeber ausgibt, der mit 
dem anderen Hauptschaltkreis verbunden ist; g) ei- 
nen zweiten Addierer, welcher das Versatzsignal 
T BO zu dem invertierten Verzogerungsregelsignal - 
T BL addiert und das addierte Signal T BL - T BL an 
sowohl den ersten Zeitgeber, der mit dem anderen 
Hauptschaltkreis verbunden ist, als auch den zwei- 
ten Zeitgeber, der mit dem einen Hauptschaltkreis 
verbunden ist, ausgibt. 

6. Ein Stromausgleichsregelschaltkreis nach An- 
spruch 5, welcher weiter umfaBt: a) einen Span- 
nungsphasendetektor, welcher eine Spannungs- 
phasendifferenz zwischen einer Ausgangsspan- 
nung V A aus dem einen Hauptschaltkreis und einer 
Ausgangsspannung V B aus dem anderen Haupt- 
schaltkreis detektiert und das Spannungsphasen- 
differenzsignal ausgibt; b) einen Totzeitkompensa- 
tionsschaltkreis, welcher sowohl das PWM-Puls- 
zugsignal aus dem PWM-Pulsgenerator als eine 
Referenz als auch das Spannungsphasendiff erenz- 
signal V dc vergleicht und das totzeitkompensierte 
PWM-Pulszugsignal an beide erste Zeitgeber aus- 
gibt; c) einen ersten Totzeitkompensationsschalt- 
kreis, der zwischen den zweiten Zeitgeber und den 
einen Hauptschaltkreis gesetzt ist, urn ein erstes 
Torsignal vorzusehen, in welchem eine Totzeit hin- 
zugefugt ist, urn ein KurzschlieGen zwischen obe- 
ren und unteren Armen des einen Hauptschaltkrei- 
ses fur das stromausgleichskompensierte PWM- 
Pulszugsignal PWM-A1 zu verhindern, das durch 
den zweiten Zeitgeber gefuhrt wird; d) einen zwei- 
ten Totzeitkompensationsschaltkreis, der zwischen 
den zweiten Zeitgeber und den anderen Haupt- 
schaltkreis gesetzt ist, urn ein zweites Torsignal vor- 
zusehen, in welchem eine Totzeit hinzugefugt ist, 
urn ein KurzschlieGen zwischen oberen und unte- 
ren Armen des anderen Hauptschaltkreises fur das 
stromausgleichskompensierte PWM-Pulszugsi- 
gnal PWM-B1 zu verhindern, das durch den zweiten 
Zeitgeber gefuhrt wird. 

7. Ein Stromausgieichsregelschaltkreis nach An- 
spruch 6, worin der Abweichungsregelverstarker 
umfaBt: a) einen Schalter, welcher im Ansprechen 
auf ein Ansteuerungssignal geschlossen ist; b) ei- 
nen Proportionalverstarker, welcher eine Proporti- 
on des detektierten Abweichungssignals von dem 
Abweichungsdetektor berechnet; c) einen Integra- 
tor, welcher das Ausgangsproportionalsignal aus 
dem Proportionalverstarker mit Bezug auf eine vor- 
bestimmte Zeit Tj uber den Schalter integriert; und 
einen Addierer, welcher das integrierte Signal zu 
dem Proportionalsignal addiert, urn das Verzoge- 
rungsregelsignal T B herzuleiten, und welcher weiter 
einen Ansteuerungssignalgenerator umfaBt, wel- 
cher die Ausgangsspannung V A , V B der respekti- 
ven Hauptschaltkreise empfangt und das Ansteue- 
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rungssignai abhangig davon ausgibt, ob eine der 
beiden Ausgangsspannungen V A , V B ansteigt. 

8. Ein Stromausgleichsregelschaltkreis nach An- 
spruch 7, worin der Ansteuerungssignalgenerator 
umfaGt: einen UND-Gatterschaltkreis, welcher ein 
logisches UND zwischen den Ausgangsspannun- 
gen V A , V B beider Hauptschaltkreise annimmt und 
das verUNDete Signal ausgibt; einen NUND-Gat- 
terschaltkreis, welcher beide Ausgangsspannun- 
gen V A , V B beider Hauptschaltkreise empfangt und 
ein NUND-Signal ausgibt, welches andeutet, daB 
keine der beiden Spannungen vorliegt; einen ersten 
monostabilen Multivibrator, welcher im Ansprechen 
auf das UND-Signal das Ansteuerungssignal mit ei- 
ner vorbestimmten Dauer ausgibt; einen zweiten 
monostabilen Multivibrator, welcher im Ansprechen 
auf das NUND-Signal das Ansteuerungssignal mit 
der gleichen vorbestimmten Dauer ausgibt; und ei- 
nen ODER-Gatterschaltkreis, welcher die Ansteue- 
rungssignale von beiden monostabilen Multivibra- 
toren an den Schalter als das Ansteuerungssignal 
ausgibt. 

9. Ein Stromausgleichsregelschaltkreis nach An- 
spruch 7, worin der Ansteuerungssignalgenerator 
umfaGt: einen ersten monostabilen Multivibrator, 
welcher im Ansprechen auf das totzeitkompensier- 
te PWM-Pulszugsignal das Ansteuerungssignal mit 
einer vorbestimmten Dauer ausgibt; einen Inverter, 
welcher im Ansprechen auf das totzeitkompensier- 
te PWM-Pulszugsignal das totzeitkompensierte 
PWM-Pulszugsignal invertiert; einen zweiten mo- 
nostabilen Multivibrator, welcher im Ansprechen 
auf das invertierte totzeitkompensierte PWM-Puls- 
zugsignal das Ansteuerungssignal mit der gleichen 
vorbestimmten Dauer ausgibt; und einen ODER- 
Gatterschaltkreis, welcher ein logisches ODER bei- 
der Ansteuerungssignale annimmt und die An- 
steuerungssignale als das Ansteuerungssignal an 
den Schalter ausgibt. 

10. Ein Stromausgleichsregelschaltkreis nach An- 
spruch 8, welcher weiter umfaBt: einen ersten Ad- 
dierer, welcher den einen Ausgangsstrom l A zu dem 
anderen Ausgangsstrom l B addiert; einen ersten 
Komparator, welcher den addierten Ausgangs- 
stromwert mit einem Nullniveau vergleicht, urn eine 
Polaritat beider Ausgangsstrome zu bestimmen, 
zweikreisig zusammenwirkende Schalter im An- 
sprechen auf ein Ausgangssignal des Kompara- 
tors, welcher auf Nullniveau fur einen der zusam- 
menwirkenden Schalter schaltet und zu dem Aus- 
gang des Begrenzers fur den anderen Schalter im 
Ansprechen darauf schaltet, daB das Ausgangssi- 
gnal des ersten Komparators eine der Polaritaten 
der Ausgangsstrome andeutet; einen zweiten Ad- 
dierer, welcher das Ausgangssignal aus dem einen 



der zusammenwirkenden Schalter zu dem Versatz- 
signal T BO addiert und das addierte Signal T^q + 
T BL an den ersten Zeitgeber ausgibt, der mit dem 
ersten Torsignalgenerator verbunden ist; einen er- 

5 sten Inverter, welcher das Ausgangssignal des ei- 
nen zusammenwirkenden Schalters invertiert; ei- 
nen dritten Addierer, welcher das invertierte Aus- 
gangssignal aus dem ersten Invertierer zu dem Ver- 
satzsignal addiert und das addierte Signal T B0 - T BL 

10 an den ersten Zeitgeber ausgibt, der mit dem zwei- 
ten Torsignalgenerator verbunden ist; einen zwei- 
ten Inverter, welcher das Ausgangssignal des an- 
deren zusammenwirkenden Schalters invertiert; ei- 
nen vierten Addierer, welcher das invertierte Signal 

is des anderen zusammenwirkenden Schalters zu 
dem Versatzsignal addiert und das addierte Signal 
T BO - T BL an den zweiten Zeitgeber ausgibt, der mit 
dem ersten Torsignalgenerator verbunden ist; ei- 
nen funften Addierer, welcher das Ausgangssignal 

20 des anderen zusammenwirkenden Schalters zu 
dem Versatzsignal addiert und das addierte Signal 
T BO + T BL an den zweiten Zeitgeber ausgibt, der mit 
dem zweiten Torsignalgenerator verbunden ist. 

25 

Revendications 

1 . Circuit de commande d'equilibrage de courant com- 
prenant des onduleurs de puissance du type PWM 

so (& modulation par largeur d'impulsion) attaques en 
parallele(9, 10) qui sont connectes les uns aux 
autres par I'intermSdiaire d'un element reactif entre 
phases (11), pour delivrer du courant k une charge 
(11, 12), caracteris6 en ce que ledit circuit de com- 

35 mande d'equilibrage de courant comprend : 

(a) un generateur d'impulsions PWM (13) qui 
produit un signal de train d'impulsions PWM et 
qui sort le signal de train d'impulsions PWM 

40 pour chaque circuit principal des onduleurs de 

puissance, chacun de ses circuits principaux 
sortant un courant vers la charge ; 

(b) une paire de circuits de correction de retard 
connectes en se>ie (14, 15) interposes entre le 

45 generateur d'impulsions PWM et chaque circuit 

principal des onduleurs, pour retarder, respec- 
tivement, de maniere independante les fronts 
montants et les fronts descendants des impul- 
sions PWM delivrees & Tun, correspondant, 

so des circuits principaux, de temps de retard pre- 

determines, en reponse k chaque signal de cor- 
rection de retard ; et 

(c) un generateur de signal de correction de re- 
tard (18) qui calcule une proportion et une inte- 
rs gration d'une difference d'amplitude entre cha- 
que courant de sortie des circuits principaux 
des onduleurs et qui produit et sort Tun des si- 
gnaux de correction de retard vers Tun de la 
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pairs de circuits de correction de retard de sorte 
que, lorsque le signal de train d'impulsions 
PWM issu du gen6rateur d'impulsions PWM k 
delivrer aux circuits principaux des onduleurs 
s'6leve, un front montant du signal de train d'im- s 
pulsions PWM, d6livr6 k Tun des circuits prin- 
cipaux des onduleurs respectifs qui sort le cou- 
rant qui a une valeur plus grande que celle de 
I'autre onduleur, est retarde d'un temps de re- 
tard predetermine par rapport au front montant 10 
du signal de train d'impulsions PWM k delivrer 
k Tautre circuit principal de i'autre onduleur qui 
sort le courant qui est plus petit que celui du 
premier onduleur qui sort le courant ayant une 
valeur plus petite que celle du premier onduleur is 
est, k son tour, retarde du temps de retard pre- 
determine par rapport au front descendant du 
signal de train d'impulsions PWM k delivrer au 
premier circuit principal du premier onduleur 
qui sort le courant qui est plus grand que celui 20 
de I'autre onduleur. 

Circuit de commande d'equilibrage de courant se- 
lon la revendication 1, dans lequel ladite paire de 
circuits de correction de retard comprend deux tern- 25 
porisateurs connected en s6rie, le prem ier des tem- 
porisateurs, sensible k chaque front montant du si- 
gnal de train d'impulsions PWM, etant mis en 
oeuvre pour retarder le moment de chaque front 
montant du signal de train d'impulsions PWM d'un 30 
temps de retard predetermine et un second tempo- 
risateur, sensible k chaque front descendant du si- 
gnal de train d'impulsions PWM, mis en oeuvre pour 
retarder le moment de chaque front descendant 
d'un temps de retard predetermine. 35 

Circuit de commande d'equilibrage de courant se- 
lon la revendication 2, dans lequel iedit g6n6rateur 
de signal de correction de retard sort le signal de 
correction de retard vers k la fois le premier tempo- 40 
risateur connecte k un premier circuit principal du 
premier onduleur qui sort le courant plus grand que 
celui de i'autre onduleur, et vers le second tempo- 
risateur connecte k I'autre circuit principal de I'autre 
onduleur qui sort le courant plus petit que celui du 4$ 
premier onduleur. 

Circuit de commande d'equilibrage de courant se- 
lon la revendication 3, dans lequel Iedit circuit de 
correction de retard comprend ; a) une paire de cap- so 
teurs de courant pour detecter le sens et I'amplitude 
decourantsde sortie l A , l B deiivr6s&l'6l6ment r6ac- 
tif entre phases ; b) un detecteur d'6cart pour de- 
tecter un 6cart entre les cou rants de sortie d6tect6s 
l A , I B et la polarite de recart, et pour sortir un signal 55 
indiquant P6cart et la polarite; c) un amplificateur de 
commande d'ecart qui calcule la proportion et ('in- 
tegration (PI) k partir du signal de sortie issu du de- 



tecteur d'ecart et qui obtient un signal de comman- 
de de retard T B en fonction du r6sultat des calculs 
de proportion et d'integration ; d) un premier ampli- 
ficateur k polarite positive qui obtient une valeur 
proportionnelle au signal de commande de retard 
T B seulement lorsque le signal de commande de 
retard indique une polarite positive et qui sort le si- 
gnal de correction de retard T BA k la fois vers le pre- 
mier temporisateur connecte au premier circuit prin- 
cipal et le second temporisateur connecte k I'autre 
circuit principal, en fonction de la valeur qui en est 
obtenue ; e) un amplificateur inverseur qui inverse 
la polarite du signal de commande de retard T B ; et 
e) un second amplificateur positif qui obtient une va- 
leur proportionnelle au signal de commande de re- 
tard T B seulement lorsque le signal de sortie de 
I'amplificateur inverseur qui indique une polarite po- 
sitive du signal de commande de retard T BB et sort 
le signal de correction de retard T BB k la fois vers 
le premier temporisateur connecte k I'autre circuit 
principal et le second temporisateur connecte au 
premier circuit principal. 

5. Circuit de commande d'equilibrage de courant se- 
lon la revendication 3, dans lequel Iedit circuit de 
correction de retard comprend ; a) une paire de cap- 
teurs de courant pour detecter le sens et I'amplitude 
de courants de sortie l A , l B deiivres k I'eiement reac- 
tif entre phases ; b) un detecteur d'ecart pour de- 
tecter un ecart entre les courants de sortie detectes 
l A> l B et la polarite de recart, et pour sortir un signal 
indiquant l'6cart et la polarite ; c) un amplificateur 
de commande d'ecart qui calcule la proportion et 
Integration (PI) k partir du signal de sortie issu du 
detecteur d'ecart et qui obtient un signal de com- 
mande de retard T B en fonction du resultat des cal- 
culs de proportion et d'integration ; d) un circuit li- 
miteur pour limiter le signal de commande de retard 
entre des valeurs limites superieure et inf6rieure et 
pour obtenir un signal de commande de retard T BL ; 
e) un generateur de signal de decalage qui deiivre 
un signal de decalage T B0 ayant une duree 
constante ; e) un amplificateur inverseur qui inverse 
le signal de commande de retard T BL ; f ) un premier 
additionneur qui additionne le signal de decalage 
T BO au signal de commande de retard T BL et qui 
sort le signal additionne T BO + T BL k la fois vers le 
premier temporisateur connecte au premier circuit 
principal et vers le second temporisateur connecte 
k I'autre circuit principal ; g) un second additionneur 
qui additionne le signal de decalage T BO au signal 
de commande de retard inverse -T BL et qui sort le 
signal additionne - T BL k la fois vers le premier 
temporisateur connecte k I'autre circuit principal et 
vers le second temporisateur connecte au premier 
circuit principal. 

6. Circuit de commande d'equilibrage de courant se- 
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Ion la revendication 5, qui comprend en outre : a) 
un detecteur de phase de tension qui detecte une 
difference de phase de tension entre une tension 
de sortie V A provenant du premier circuit principal 
et une tension de sortie V B provenant de ('autre cir- 
cuit principal et qui sort le signal de difference de 
phase de tension ; b) un circuit de compensation de 
temps mort qui compare k la fois le signal de train 
d'impulsions PWM issu du generateur d'impulsions 
PWM, comme reference, et ie signal de difference 
de phase de tension et qui sort le signal de train 
d'impulsions PWM compense en ce qui concerne 
le temps mort vers les deux premiers 
temporisateurs ; c) un premier circuit de compen- 
sation de temps mort interpose* entre ledit second 
temporisateur et le premier circuit principal pour de- 
livrer un premier signal de porte, dans lequel on 
ajoute un temps mort pour empecher un court-cir- 
cuit entre des branches sup6rieure et inferieure du 
premier circuit principal pour le signal de train d'im- 
pulsions PWM compense en ce qui concerne l'6qui- 
librage de courant PWM-A1 qui est passe k travers 
ledit second temporisateur ; d) un second circuit de 
compensation de temps mort interpose entre ledit 
second temporisateur et I'autre circuit principal pour 
deiivrer un second signal de porte, dans lequel on 
ajoute un temps mort pour empicher un court-cir- 
cuit entre des branches superieure et inferieure de 
I'autre circuit principal pour le signal de train d'im- 
pulsions PWM compense en ce qui concerne I'equi- 
librage de courant PWM-B1 qui est passe k travers 
ledit second temporisateur 

7. Circuit de commande d'equilibrage de courant se- 
lon la revendication 6, dans lequel amplificateur de 
commande d'ecart comprend : a) un interrupteur 
qui est ferme en reponse k un signal d'attaque ; b) 
un amplificateur proportionnel qui calcule une pro- 
portion du signal d'ecart detecte issu du detecteur 
d'ecart ; c) un infegrateur qui integre le signal pro- 
portionnel de sortie issu de I'amplificateur propor- 
tionnel en fonction d'un temps predetermine Tj, par 
I'intermediaire de I'interrupteur ; et un additionneur 
qui additionne le signal infegre au signal proportion- 
nel pour obtenir le signal de commande de retard 
T B et qui comprend, en outre, un generateur de si- 
gnal d'attaque qui recoit la tension de sortie V A , V B 
des circuits principaux respectifs et qui sort le signal 
d'attaque en fonction de celle des tensions de sortie 
V A , V B qui s'eieve. 

8. Circuit de commande d'equilibrage de courant se- 
lon la revendication 7, dans lequel ledit generateur 
de signal d'attaque comprend : un circuit de porte 
ET qui prend la fonction logique ET entre les ten- 
sions de sortie V A , V B des deux circuits principaux 
et qui sort le signal traife par fonction ET ; un circuit 
de porte NON-ET qui recoit k la fois les tensions de 



sortie V A , V B des deux circuits principaux et qui sort 
un signal NON-ET qui indique que ni Tune ni i'autre 
des tensions n'est prSsente ; un premier multivibra- 
teur monostable qui, en reponse au signal ET sort 

s le signal d'attaque qui a une duree predetermined ; 
un second multivibrateur monostable qui, en fepon- 
se au signal NON-ET, sort le signal d'attaque qui a 
la meme duree predetermine ; et un circuit de por- 
te OU qui sort vers ledit interrupteur, comme signal 

10 d'attaque, les signaux d'attaque des deux multivi- 
brateurs monostables. 

9. Circuit de commande d'equilibrage de courant se- 
lon la revendication 7, dans lequel ledit g6n6rateur 

15 de signal d'attaque comprend : un premier multivi- 
brateur monostable qui, en r6ponse au signal de 
train d'impulsions PWM compense en ce qui con- 
cerne le temps mort, sort le signal d'attaque qui a 
une duree predetermined ; un inverseur qui, en re- 

20 ponse au signal de train d'impulsions PWM com- 
pense en ce qui concerne le temps mort, inverse le 
signal de train d'impulsions PWM compense en ce 
qui concerne le temps mort ; un second multivibra- 
teur monostable qui, en reponse au signal de train 

25 d'impulsions compense en ce qui concerne le 
temps mort inverse, sort le signal d'attaque qui a la 
meme duree predeterminee ; et un circuit de porte 
OU qui prend la fonction OU logique des deux si- 
gnaux d'attaque et qui sort vers ledit interrupteur, 

so comme signal d'attaque, les signaux d'attaque. 

10. Circuit de commande d'equilibrage de courant se- 
lon la revendication 8, qui comprend en outre : un 
premier additionneur qui additionne le premier cou- 

35 rant de sortie l A k I'autre courant de sortie l B ; un 
premier comparateur qui compare la valeur de cou- 
rant de sortie additionn6e k un niveau zero pour de- 
terminer la polarite des deux courants de sortie ; 
des interrupteurs cooperants k deux circuits qui, en 

40 reponse k un signal de sortie du comparateur, bas- 
culent vers le niveau zero Tun des interrupteurs coo- 
perants et qui basculent vers la sortie du limiteur 
I'autre interrupteur en r6ponse au signal de sortie 
du premier comparateur indiquant I'une ou I'autre 

45 des polarifes des courants de sortie ; un deuxieme 
additionneur qui additionne le signal de sortie de 
I'un des interrupteurs cooperants au signal de de- 
calage T BO et qui sort le signal additionne T BO + T BL 
vers ledit premier temporisateur connecte audit pre- 

so mier g6n6rateur de signal de porte ; un premier in- 
verseur qui inverse le signal de sortie d'un premier 
interrupteur cooperant ; un troisieme additionneur 
qui additionne le signal de sortie inverse du premier 
inverseur au signal de decalage et qui sort le signal 

55 additionne T B0 - T BL vers ledit premier temporisa- 
teur connecte audit second generateur de signal de 
sortie ; un second inverseur qui inverse le signal de 
sortie de I'autre interrupteur cooperant ; un quatrie- 
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me additionneur qui additionne le signal inverse de 
Tautre interrupted coopSrant au signal de d6calage 
et qui sort le signal additionnS T BO - T BL vers ledit 
second temporisateur connects audit premier g6- 
n6rateur de signal de porte ; un cinqui&me addition- 
neur qui additionne le signal de sortie de Tautre in- 
terrupted coop6rant au signal de d£catage et qui 
sort le signal additionne T B0 + T BL vers ledit second 
temporisateur connects audit second g6n6rateur 
de signal de porte. 
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